General and specific combining ability of six basmati rice varieties and their fifteen hybrids made through diallel mating without reciprocals for different yield and quality parameters were studied to select the general combiners for future domestic breeding programs. The Analysis of Variance showed that the mean squares due to general and specific combining ability were highly significant for all the traits indicating that both additive and non-additive gene actions were involved in the inheritance of fourteen yield and quality traits. Significant SCA effects for different characters indicated preponderance of non-additive gene actions in the inheritance of the characters under study. Different lines and hybrids were found as best general and specific combiners for different yield and quality traits, respectively. Thus, important specific cross-combiners can be used effectively in crop improvement programs to develop varieties, and further validation of specific genes to develop gene-based perfect markers in rice breeding.
Introduction
Rice (Oryza sativa L; 2n=24; estimated genome size = 430Mb) is a major cultivated crop in the World (Verma and Srivastav, 2017) . More than 90% of the World's rice is grown and consumed in Asia, where 60% of the World's population lives (www.worldatlas.com). Rice accounts for 35-60% of the calorie intake of 3 billion Asians (Guyer et al., 1998) . According to the USDA, in 2008, more than 430 million metric tons of rice were consumed worldwide. India ranks second with rice production of approximately 165.3 million metric tons after China (210.1 million metric tons) (www.world atlas.com).
Basmati rice holds a special rank among all aromatic rice cultivars on account of the appropriate combination of the preferable traits such as minimum kernel dimension, aroma intensity, fluffiness, cooked rice texture, palatability, high volume expansion during cooking, linear kernel elongation with minimum breadth wise swelling, easy digestibility and longer shelf life (Singh et al., 2000) . During 1970s, Type-3 and Basmati 370 were the most popular basmati varieties exported from India (Jaiswal et al., 2015) . Later on during 1996, Taraori Basmati, was released for commercial cultivation in India. HUBR-16 is as comparable as derived from Basmati and Pusa Basmati 1121 for major grain quality traits and yielding potential (Jaiswal et al., 2015) .
According to a comprehensive study conducted by Food and Agricultural Policy Research Institute (FAPRI), the World's demand for milled rice can be expected to rise to 496 million tons in 2020 and to 746 million tons by 2030 (Roy and Mistra, 2002) . To feed this ever increasing population, it is necessary to have rice genotype having good yielding capacity along with preferable superior grain quality traits. Grain yield and quality traits are economically important for the traders as well as consumers of aromatic rice (Talukdar et al., 2017) . Traditional Basmati Varieties are generally low yielder and do not match the yield pace of recently developed Basmati varieties (Chandi and Sogi, 2008) . Therefore, there is an immediate need to improve traditional indigenous varieties like Basmati 370, Taraori Basmati and Type 3 using recent technological advances. Selection of parents for breeding programe should be based on the sound knowledge on combining ability of parents for various traits which could be used to obtain information on designing efficient breeding strategies in rice (Xiang et al., 2016) . The diallel analysis is used to get information about the genetic structure of populations and controlling genetic mechanism of various traits (Hayman, 1954 and DOI: 10.5958/0975-928X.2019 .00002.4 Griffing, 1956 ). This study reveals the effect of general and specific combining ability of some basmati rice varieties for different yield and quality parameters with diallel analysis with a broader perspective of facilitating useful information to the future rice hybridization programmes. Diallel analysis in rice would lead to a fruitful result for identification of genetic parameters regarding combining ability as well as dominance relationship of the parents and improvement inbreeding program. However, very little information is available on combining ability and heritability of basmati rice genotypes selected in the present study. Hence this study was initiated to estimate the general combining ability (GCA) and specific combining ability (SCA) effects and variances for yield and quality traits and to identify high heterotic parental combination in order to develop hybrid with improved quality traits, particularly kernel characteristics similar to Basmati rice along with high yield.
Materials and Methods
The present study was conducted at the Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, Uttar pradesh during Kharif 2014 and Kharif 2015. The experimental material comprised of six parents and 15 crosses. Six parental lines selected for the experiments were HUBR10-9, HUBR16, TYPE-3, B 370, Taraori basmati, and Sanowal Basmati. The hybrids used in the experiments were obtained by crossing the parents in diallel fashion without reciprocals during Kharif 2014.
21 days old seedlings of the 15 hybrids and six parents were planted in Randomised Block Design (RBD) with three replications during Kharif 2015. Single seedling per hill was planted with a spacing of 20 x 20 cm and recommended agronomic package of practices were followed to raise a healthy crop. In this design (Method 2, Model I), all possible mating of selected set of fixed genotypes i.e. six parents were made, excluding reciprocals, and this yielded a total of 15 hybrids.
Data generated from the Method 2, Model I (as described above) of diallel mating design were subjected to the statistical analysis in order to estimate the GCA and SCA variances and effects. The following mathematical model was used for the combining ability analysis (Griffing, 1956) 
Results and Discussion
The Analysis of Variance revealed highly significant difference among the parents and their hybrids for the yield, yield contributing and quality traits under study indicating the existence of significant differences among the parents and crosses of basmati rice genotypes. The GCA and SCA variances were significant for the yield and quality traits studied ( Table 1 ). The results indicated that both additive and non-additive gene actions were involved in the inheritances of fourteen yield and quality traits ( Table 1 ).
The gca effect represents the additive nature of gene action. Depending on a character apparent with higher positive or negative significant effect is considered as good general combiner. The per se performance of parents and general combining ability effects of the selected parents for yield and yield contributing traits are mentioned characterwise in Table 2 and Table 3 respectively.
The genotype HUBR 16 found best with minimum mean value for days to 50% flowering and days to maturity, Sanowal Basmati and Taraori basmati exhibited the highest mean value for effective tillers per plant. HUBR 16 showed the highest mean value for grain yield and yield contributing trait like panicle length and seeds per panicle followed by Basmati 370. On analyzing different quality traits like kernel length before and after cooking, HUBR 16 showed maximum kernel length expansion. Similarly, for kernel breadth before and after cooking, HUBR 10-9 showed least per se value. Type 3 showed a desirable value within the intermediate range for amylose content.
Further, gca effects were analysed for given parents for different yield and quality traits (Fig.3) . The parent, HUBR 16 showed earliness in days to maturity and thus can be a preferable parent for developing early maturing varieties. A high positive and significant gca effect was obtained for the trait effective tillers per plant Sanowal Basmati (2.904). The parent HUBR16, found to be the best general combiner for panicle length with a significant value of 1.96 and it had also exhibited high positive and significant gca effect for seeds per panicle (23.657) followed by Type 3 (6.379). The parents HUBR10-9 (9.262) and HUBR16 (3.822) were adjudged as good general combiners for grain yield. Among the six parents studied, the parents viz., Sanowal Basmati, HUBR 16, HUBR 10-9 and Type 3 were found as general combiners for the breeding programs for improving yield and yield contributing traits. Similar results were reported earlier by Salgotra et al., (2009) . The genotypes viz., Pusa 2517-2-51-1, Sanowal Basmati, Super Basmati, Ranbir Basmati and Basmati 370 were found as good general combiners for plant height, effective tillers plant per plant, panicle length, number of grains per panicle, 1000-grain weight and grain yield per plant in line X tester analysis. Pradhan et al. (2006) while using L X T analysis, reported that the parents viz., Taraori Basmati, Pusa 2503-693-1, Pusa 1235-95-73-1 and Pusa 2512-97-83-98-4 as best general combiners for grain yield and yield component traits.
A correlated study of mean performance and gca effects are needed for different yield and yield contributing traits, since it directly implies about the general combining ability of the parents for that particular trait. Significant and positive mean performance and gca effects are preferable for all the traits.
With respect to the quality characters, it was observed that the parent HU BR16, had the highest positive and significant gca effect for the trait kernel length before and after cooking and kernel width followed by Basmati 370. The highest positive and significant gca effect was obtained with the parent HUBR10-9 (0.351) for the trait Alkali Spread Value, whereas Basmati 370 showed the highest negative gca effect (-0.499). The parent Type 3 exhibited the mean value (23.45% ) for Amylose content was found to be the best general combiner for this trait. This was in accordance with the earlier eports that the gca effects of basmati rice varieties viz., CB-17, CB-42, Basmati 2000 and Basmati-198 (Ashfaq et al., 2012) ; Biser-2, Ranka, and S-136 (Ilieva et al., 2013) . and HUBR16 and Pusa 1121 ( Jaiswal et al. 2015) were high and significant positive for major grain quality traits viz., kernel length, kernel breadth and kernel length after cooking.
In the present study, among the six parents studied, HUBR16 was identified as the best general combiner for days to 50% flowering, panicle length, 100 grain weight, grain yield, and kernel length before and after cooking. The parents viz., HUBR10-9 and Sanowal Basmati were found to be the potential donors for yield contributing traits like seeds per panicle and effective tillers per plant respectively, owing to their highly positive gca effect. Taraori basmati was found to be a good general combiner for least breadth wise kernel expansion after cooking with desirable gca effects.
The performance of a parent in specific cross in relation to general combining ability is termed as specific combining ability. The results of mean performance and SCA effects of 15 crosses among the six parental lines were given in Table 4 and Table 5 respectively.
Among the 15 hybrids studied, the hybrid HUBR 10-9 X B370 exhibited superior values for days to maturity, seeds per panicle and grain yield. The hybrid, HUBR 10-9 X Sanowal Basmati was identified as best specific combiner for the traits effective tillers per plant and grain yield. The hybrids viz., HUBR 16 X Basmati 370 and HUBR 16 X Type 3 showed desirable mean value for 100 grain weight , panicle length and kernel length and the hybrid s Type 3 X Basmati 370 showed the desirable intermediate range for amylose content. On the basis of sca effects, the hybrid, HUBR10-9 X B370 showed the highest negative sca effect (-5.202 ) for the trait days to 50% flowering and days to maturity and thus can be used in the breeding program for developing short duration varieties. The hybrids viz., HUBR10-9 X Sanowal Basmati and HUBR 10-9 X Basmati 370 possessed highest sca effects for characters like effective tillers per plant, seeds per panicle and grain yield consisting one of the parents with high gca. An appraisal of sca effects for kernel length in F 1 indicated that the hybrids HUBR16 X Type 3 and Basmati 370 X Sanowal basmati were the best specific combiners. Type 3 X Basmati 370 exhibited the desirable sca effect for amylose content.
This was also in line with the findings of Pradhan et al., (2006) in L X T analysis reported that the hybrid Pusa 3A x Taraori Basmati was found to be a promosing specific combiners for yield and other yield traits. Salgotra et al., (2009) found the hybrid, PAU 29-35-16-3-5-2/Basmati 370 were adjudged as a good specific combiner for yield traits. Koli et al. (2013) in L X T design identified the crosses IET 19695 / Pusa Sugandha 4, IET12016 / Pusa Sugandha 4 and IET 19695 / Pusa Sugandha 4 were the best specific combiner for grain yield and panicles per m2. Aditya and Bhartiya,(2015) observed high sca effects in the crosses, VL 31632 X P. Sugandh 5, VL 31634 X P. Bas 1 and VL 31638 X P. Bas 1 for grain yield and components traits. Though different parents had been found to be good general combiners for different characters the results indicated that there was close relationship between mean performance of the parents and their gca effects in most of the cases studied. HUBR 16, HUBR 10-9, Sanowal Basmati and Taraori basmati were found to be good general combiners for different yield and yield related traits like seeds per panicle, grain yield, panicle length and effective tillers per plant and hence, these parents might give desirable segregants and for further selection can be exercised. Likewise Type 3 and basmati 370 showed desirable amylose content. Similarly, positive relationship was observed between sca effects and mean performances of different crosses. It was observed that crosses with significant sca effects were due to different good or poor general combiner parent combinations. Depending upon the nature of gene actions and the combining abilities of parents and crosses, suitable breeding procedure such as heterosis breeding or biparental mating can be advocated and selection can be post poned in later generations for various trait improvement in basmati rice genotypes. Verma, D. K., and Srivastav, P. P., (2017 The values on y-axis represent GCA effect values and the values on x-axis represent parent type (1 = HUBR10-9; 2 = HUBR16; 3 = Type 3; 4 = B370; 5 = Taraori Basmati; 6 = Sanowal Basmati).
